by fluorescent microscopy, and so it was instead exFinally, we find that Arl3p is required in vivo for the pressed from the stronger TPI1 promoter ( Figure 1A) .
indicating that the GRIP domain is required for both the GTP-␥-S. The beads were then exposed to yeast cytosol, and after washing, bound proteins eluted with SDS intracellular targeting of Imh1p and for its function.
We next investigated whether the targeting of GFPsample buffer. Figure 2A shows that Imh1p was bound to the GST-Arl1p and that this binding was increased Imh1p requires any of the yeast ARF or ARL GTPases by expressing the fusion in strains lacking each of the in the GTP form. In contrast, a cytosolic protein showed no detectable binding to the beads, and no binding of five proteins. Figure 1D shows that deletion of any of Arf1p, Arf2p, or Arf3p did not alter the punctate distribuImh1p was seen to GST-Arl3p (Figure 2A and data not shown). tion of the protein. However, deletion of either Arl1p or Arl3p resulted in relocation of the GFP-Imh1p into a Next, the C-terminal 89 and 109 residues of Imh1p were both expressed in E. coli with a His 6 tag at the diffuse distribution. This was apparently due to a defect in targeting rather than a more general disruption of the N terminus. Both include the GRIP domain, which by sequence similarity comprises the last ‫05ف‬ residues of Golgi as the distribution of a GFP-tagged version of the Golgi-localized protein Sec7p was unaffected in the Imh1p. E. coli lysates were then applied to GST-Arl1p immobilized on beads, washed, and eluted as before. ⌬arl1 or ⌬arl3 strains.
A requirement for Arl1p and Arl3p for targeting Imh1p Figure 2B shows that the recombinant GRIP domains bound to the GTP form of Arl1p, but not to the GDP could be explained by one or both proteins binding directly to the GRIP domain. To investigate this possibility, form. This binding was efficient enough for the eluted GRIP domain to be easily detectable by Coomassie blue Arl1p and Arl3p were expressed in E. coli as fusions to GST. In both cases, the first fourteen residues were staining. This binding is specific in that no significant binding was observed to GST-Arl3p ( Figure 2C ). Moreremoved, as the equivalent part of ARF1 forms an amphipathic helix that is involved in membrane association, over, when the Y870A mutation was incorporated into the GRIP domain, it did not affect expression in bacteria, and its removal has been found to improve solubility without loss of effector interactions [24, 25]. The rebut abolished the GTP-specific binding to Arl1p ( Figure  2D ). Figure 3A ). This conservation strongly suggests that the ORF is a bona fide gene, and to confirm that it is transcribed and translated, a GFP tag was inserted at the C terminus of the ORF by homologous recombination. Figure 3B shows that this resulted in the appearance of a GFP-tagged protein with a mobility corresponding to the predicted size of the fusion protein. A similar sized band was also observed when the ORF was expressed from a constitutive promoter with a GFP tag attached to the putative initiator methionine. These results indicate that this ORF is expressed, and we shall refer to it as SLO1 (for SCOCO-like ORF).
To examine a possible interaction with Arl1p, Slo1p was expressed in E. coli with an N-terminal His 6 tag and applied to the immobilized GST forms of the GTPases as above. Figure 3C shows that Slo1p did not exhibit the Arl1p-GTP-specific binding seen with the GRIP domain. However, the protein did bind to immobilized Arl3p, although this was apparently independent of nucleotide cytosols from yeast expressing GFP-tagged forms of ity that they interact in vivo. Together, these results indicate that Arl1p not only recruits Imh1p, but also Vps53p and Vps54p were applied to the GST-Arl1p beads, and in both cases, the tagged protein was found interacts, either directly or indirectly, with the GARP/ VFT vesicle-tethering complex. to associate with the beads in a GTP-dependent manner ( Figure 4B ). The GARP/VFT complex has four subunits, Although GARP/VFT has already been found to be an effector for the GTPase Ypt6p, it is distantly related and to investigate which subunit is responsible for the interaction with Arl1p, we took advantage of the obserto the exocyst and COG "quatrefoil" vesicle-tethering complexes, of which the exocyst has been found to be vation that the tetramer disassembles when one subunit is missing, allowing a different subunit to be overexbound by multiple GTPases, including Sec4p 
MON2 (our unpublished observations).
Resolution of the role of Arl3p will require identification of further effectors shows that this fusion has a similar punctate distribution and GEFs for both Arl1p and Arl3p. Nonetheless, it to that seen with GFP-Imh1p. However, in a ⌬arl3 strain, seems clear that the two proteins function in a pathway the distribution of Arl1p-GFP is altered and the protein that results in Arl1p-dependent binding of proteins on is primarily cytosolic. In such cells, the Golgi itself is not Golgi membranes. Recently, two Ypt/Rab proteins have disturbed as judged by an unaltered distribution of GFPbeen proposed to form a pathway [32] , and it may be Sec7p ( Figure 1D ). We also examined the distribution that such complexity of GTPase function is required to of a GFP fusion to Arl3p itself and found it to be mostly ensure that GTPases are activated with a high degree in a diffuse distribution, although faint punctate staining of spatial accuracy so that vesicle coats and tethers, could be seen in some cells, suggesting that the protein and hence membrane traffic itself, can be organized is not predominantly Golgi associated ( Figure 5B 
